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Supplementary Figure 1: Preliminary calibration of the cell-free composition. The
lysate is usually only calibrated for Mg-glutamate, K-glutamate levels. Here we show the end
point after overnight cell-free reactions with the lysate_ORI used in Fig. 1. Then, we fixed
the maximum concentration for: a, Mg-glutamate concentration at 4 mM and b, K-glutamate
at 80 mM. The error bars stand for the standard deviation of 3 replicates performed on the
same day. Data are mean values and the vertical black lines stand for the standard deviation
of the 3 replicates (n=3 independent experiments)
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Supplementary Figure 2: The choice of 102 cell-free compaositions for training and
testing of our model. a, Distribution of the yields obtained with the 102 training cell-free
compositions along the 1017 cell-free compositions tested in fig 1. The 102 cell-free
compositions were chosen based on the highest R? obtained by training on 102 points and
predicting on the 915 remaining points. The data are mean values and the vertical error bars
stand for the standard deviation of 3 replicates. The horizontal error bars stand for the
standard deviation of 25 predictions. b, Comparison of the prediction efficiency of the model
when trained with a training set of 8, 16, 20 or 24 cell-free compositions, for prediction on the
reminder of the 102 points. The training set is chosen amongst the 102 cell-free
compositions fixed in panel a. The training set leading to the highest mean R? amongst the 3
lysates has been selected.
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Supplementary Figure 3: Mutual Information analysis based on the 102 compositions
tested with lysate-PS, lysate_ AB and lysate_DH5a. Mutual information analysis of the
relationship between the yield and each chemical compound, using the yields measured in
cell-free reactions using 102 cell-free compositions and a, lysate_PS, b, lysate_AB, c,
lysate_DH5aq.
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Supplementary Figure 4: Global comparison between the yields obtained with
different lysates. a, Comparison of the yields obtained with the lysate original (same as fig.
1) vs the model predictions for the 102 cell-free compositions used in Fig. 2. The data are
mean values and the horizontal error bars stand for the standard deviation of 3 replicates.
The vertical error bars stand for the standard deviation of 25 predictions. b, Formula of the
global yield compared to the local yield. In contrary to the Yields presented in Fig 2., the
Global yield always use the same reference yield from the lysate of Fig. 1 named
Lysate_ORI. The Global yield, noted G_yield, allows comparison between yields obtained
with our different lysates. ¢, The 102 cell-free compositions were ranked from low to high
values based on the yields obtained with the Lysate_ORI. The same ranking of the same
102 cell-free compositions was used for each lysate. Linear fit is used for Lysate_ ORI,
Lysate PS, Lysate_AB and Lysate_PS + novaobiocin. Michaelis-Menten like fit is used for
Lysate PS + Spectinomycin and Lysate DH5a.
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Supplementary Figure 5: Comparison between the behaviour of the local yields
measured with different lysates and the yields measured with the lysate_ORI.
Comparison between the yields measured with Lysate_ ORI and a, Lysate_PS. b,
Lysate_AB. c, Lysate_PS + novobiocin. d, Lysate PS + spectinomycin. e, Lysate DH5a.
The blue lines stand for linear fit and the dot lines stand for the perfect correlation (intercept
0 and slope 1). We used the same 102 cell-free compositions for all the measurements. The
error bars stand for the standard deviation of 3 replicates In all panels, the data are mean
values and the horizontal and vertical error bars stand for the standard deviation of 3
replicates.
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Supplementary Figure 6: A decrease in ribosome availability is sufficient to explain
the saturation of the yields with Lysate_Spectinomycin . a, Comparison between the
yield obtained with Lysate_PS and the yield obtained with Lysate_PS supplemented with
Spectinomycin (same data as Supplementary Fig. 5d). We used a Michaelis-Menten like
function to fit the data. b, We used the well described Michaelis-Menten? like relationship
between translation efficiency and available ribosomes concentration (Rfree). We assumed
that a change in cell-composition impact the translation efficiency via a change of Vmax and
Kwu. At a fixed Rfree concentration (blue arrow), an increase of Vmax,Kum values lead to an
increasing translation efficiency. c, As the spectinomycin binds to the 30S subunit of the
ribosome to inhibit the translation process, its activity can be represented by a decrease in
Rfree concentration (red arrow). The impact of less ribosomes will lead to a decrease in
translation efficiency (blue vs red line in the second plot). d, Relationship between a
translation efficiency with spectinomycin versus a translation efficiency without
spectinomycin (see supplementary note 2). The yield as the protein production results from
the translation but also the transcription process. The relationship between Translation
efficiency and yields is described in supplementary note 2.
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Supplementary Figure 7: Predictions using a training set of 25 buffer compositions.
Both training sets are using the same 25 buffer compositions. a, Comparison of the yields
obtained with the lysate BL21 PS, supplemented with 0.5 mg.ml? of spectinomycin vs. the
model predictions. b, Comparison of the yields obtained with a lysate obtained from the stain
DHb5a vs. the model predictions. The model predictions are based on the model used in
Figure 4 trained with 20 buffer compositions to which 5 composition were added. The 5
compositions added to the training set were selected following an exploration strategy and
correspond to the compositions for which the model exhibited the highest standard deviation.
In all panels, data are mean values and the horizontal grey lines stand for the standard
deviation of 3 replicates. The vertical grey lines stand for the standard deviation of 25
predictions. R? value was computed on 102 values, Q? on the 77 values of the test set, the
linear regression fits the 77 test values
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Supplementary Figure 8: Absolute measurements in cell-free reaction

a, Relationship between purified sfGFP and the Global yield. (See supplementary note 1).
b, Comparison between the yield obtained with our best cell-free composition with

lysate ORI and the commercial kit myTXTL from Arbor using our plasmid. Data are mean
values and the vertical black lines stand for the standard deviation of the 3 replicates (n=3
independent experiments). ¢, Relationship between purified deGFP and the Global yield. d.
Comparison between the yield obtained with our best cell-free composition with lysate ORI
and the commercial kit myTXTL from Arbor using myTXTL plasmid (pTXTL-P70a(2)-
deGFP). Data are mean values and the vertical black lines stand for the standard deviation
of the 3 replicates (n=3 independent experiments)



Supplementary Table 1: Sequence of the plasmid used in this study.

Promoter J23101 tttacagctagctcagtcctaggtattatgctage
RBS B0034 aaagaggagaaa
sfgp atgcgtaaaggcgaagagctgttcactggtgtcgtccctattctggtgga

actggatggtgatgtcaacggtcataagttttccgtgcgtggcgagggtyg
aaggtgacgcaactaatggtaaactgacgctgaagttcatctgtactact
ggtaaactgccggtaccttggccgactctggtaacgacgctgacttatgg
tgttcagtgctttgctcgttatccggaccatatgaagcagcatgacttct
tcaagtccgccatgccggaaggctatgtgcaggaacgcacgattteettt
aaggatgacggcacgtacaaaacgcgtgcggaagtgaaatttgaaggcga
taccctggtaaaccgcattgagctgaaaggcattgactttaaagaagacg
gcaatatcctgggccataagctggaatacaattttaacagccacaatgtt
tacatcaccgccgataaacaaaaaaatggcattaaagcgaattttaaaat
tcgccacaacgtggaggatggcagcgtgcagctggctgatcactaccagce
aaaacactccaatcggtgatggtcctgttctgctgccagacaatcactat
ctgagcacgcaaagcgttctgtctaaagatccgaacgagaaacgcgatca
tatggttctgctggagttcgtaaccgcagcgggcatcacgcatggtatgg
atgaactgtacaaatga

rrnB T1 terminator

ccaggcatcaaataaaacgaaaggctcagtcgaaagactgggcctttcegt
tttatctgttgtttgtcggtgaacgectctc

The sfgp is under control of the promoter J23101 (http://parts.igem.org/Part:BBa_J23101)
and RBS B0034 (http://parts.igem.org/Part:BBa_B0034). The plasmid contains the gene of
ampicillin resistance and the origin of replication PBR322.
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Supplementary Table 2: Buffer compositions of the Training sets.
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SUPPLEMENTARY NOTE 1: Commercial kit and absolute sfGFP/deGFP
measurements (Supplementary Figure 8)

Both plasmids (our plasmid and myTXL plasmid) led to similar yield when the lysate_ORI
with the optimized composition (max yield in Fig. 1d) and myTXTL mix are used. This result
suggests that pTXTL-P70a(2)-deGFP can also be used, instead of our plasmid to optimize
cell-free composition. The higher Global yield come from the higher fluorescence obtained
with this plasmid. The pTXTL-P70a(2)-deGFP seems to be a derivative of the pBEST-OR2-
OR1-Pr-UTR1-eGFP-Del6-229-T500! optimize for expression in cell-free reaction. We don’t
have access to the cell-free composition of myTXTL mix but we assumed that it was
optimized to obtain a maximum protein production and that the lysate was prepared from a
modified strain of E coli. The quality of the result obtained with our lysate-specific
optimization compared to the commercial kit is a validation of our method efficiency. The
protein concentration obtained from the expression of our plasmid with lysate_ ORI is at 0.22
UM sfGFP equivalent. Eventually with myTXTL plasmid from arbor, we obtained a deGFP
concentration of 31 uM (~0.85 mg.ml?t) and 42 uM (~1.2 mg.ml?) with our optimized cell-free
composition and with MyTXTL cell-free reaction.
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SUPPLEMENTARY NOTE 2: Deterministic model of protein production
behavior in cell-free system with an imparied translation process
(Supplementary Figure 6)

Assumption 1: Adding spectinomycin lead to a similar impact on the translation process as a
decrease in concentration of the available ribosome. Spectinomycin binds to the 30S subunit
stopping protein synthesis. Thus, a subset of ribosomes should be unavailable for
translation.

[Rfree]spec=[Rfree]-cst.

Assumption 2: We simplified our calculation by considering that a variation in cell-free
composition has a similar impact on both Vimax and K.

Vmax = CSt2 X Kw.

Assumption 3: The relationship of transcription efficiencies (noted TXE) between lysates is
modelled by a linear relationship with a negligible intercept. We observed such a linear
relationship (with an intercept close to 0) between yields from lysates with and without an
impaired transcription machinery in Supplementary Figure 5c.

TXEspec=Cst3. TXE

Assumption 4: The variation in cell-free composition mainly affects the translation process.
We observed in Supplementary Figure 5d that a lysate with a damaged translation
machinery is poorly improved by a change in cell-free composition. The opposite is observed
with an inefficient transcription machinery in Supplementary Figure 5¢ suggesting that the
efficiency of the translation machinery is the limiting factor for cell-free improvement and not
the efficiency of the transcription machinery.

TxXE=csts4 (TXE is independent of the variations in cell-free compositions)

We used the well-defined model of the translation efficiency (TIE) based on a Michaelis-
Menten equation?:
TIE = Vinax-[Rfree]

Km+[Rfree] (1)
_ Vmax-[Rfree]spec
TlESpeC B Km"‘[RfTee]spec @
where Vmax and Ky values depends on the RBS sequence and the cell-free composition.
[Rfree] stands for the concentration in available ribosomes.
Assumption 1: [Rfree]spec=[Rfree]-cst.
— Vmax.([Rfree]—cst)
@) e TlESPeC " Km+([Rfree]—cst) )
Assumption 2: Vmax= €Stz X Ku
csty.Km.[Rfree]
Lt =
(1) TiE Km+[Rfree] @
__ csty. K. ([Rfree]—cst)
®) < TlESPgC " Km+([Rfree]-cst) ©)
Thus,
TIE.[Rfree]
4) < Ky = (6)

csty.[Rfree]-TIE
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C
(5)&(6) & TlEgpec =

s TIE.[Rfree]
2'csty.[Rfree]-TIE'

TIE[Rfree] |
cstz.[Rfree]—TlET([Rfree] —cst)

([Rfree]—cst)

cst,. TIE.[Rfree]. ([Rfree] — cst)

S TlEspec = TIE.[Rfree] + ([Rfree] — cst)(cst,. [Rfree] — TIE)
o TIE. . — cst,.TIE.[Rfree]. ([Rfree] — cst)
SPeC " TIE. cst + ([Rfree] — cst)cst,. [Rfree]
cst,.[Rfree]. ([Rfree] — cst) TIE
S TIE = ¢st .
Espec cst,.[Rfree]. ([Rfree] — cst)
TIE +
cst
__ ATIE __csty[Rfree].([Rfree]—cst)
=4 TlESpeC = mwﬂlh A=—=2 st (7)
The protein production (and so the yield) is the result of the expression of sfgfp by the
transcription and translation processes.
Yield = [DNA].TxE.TIE (8)
Yieldspec = [DNA]. TXEgpec- TIE spec 9)

Assumption 3: TxEgspec=CSts. TXE. Moreover, the DNA concentration is the same in every cell-
free reaction so [DNA] =csts.

(9)© Yieldsye, = cSts.cSt3. TXE. TlE p,, (10)

Assumption 4: TXE=cst4

(8) < Yield = csts.cst,.TIE (12)
(10) & Yieldye, = cSts.cstz.csty. TlEg,, (12)
Then,
Yield
(11) & =TIE (13)
CSt5.CSt4_
and
Yieldspec
o — T =
(12) CStS.CSt3.CSt4 TlEspeC (14)
Then,
Yield ATIE
(14&7) & P = (15)
csts.CSt3.cSty TIE+A
Then,
vield Yield
leldspec “csts.CSty
(= = —
(15&11) csts.CSt3.CSty Yield
cstg.CSty
Yield
cste.csts. cst4.A.W
& Yieldgyoe = . bt
spec Yield
———+ A
cSts. CSty
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cSts. cstg. csty. A. Yield
< Yield =

spec

Yield + A. csts.cst,
B.Yield

(= Yleldspec = m (16)
. __ csts.cStz.csty.csty. [Rfree].([Rfree]—cst) __ cstg.cSty.csty [Rfreel.([Rfree]—cst)
With B = - and C = o

Eventually, we obtained a Michaelis-Menten equation for the relationship between Yield and
Yieldspec (9. 16) which explain the data in Supplementary Fig. 6a. Despite the multiple
assumptions (that are difficult to verify by experimental measurements) this model gives a
simple explanation of our observations.
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